Introduction {#S0001}
============

Treatment target achievement remains a concern in patients with type 2 diabetes (T2D). A study assessing adherence to the Swiss national targets for good disease management in diabetes, demonstrated, for Switzerland, that even with an overall high standard of diabetes care, there is still room for improvement.[@CIT0001] Over 60% of the patients with T2D diagnosed at least 5 years ago did not achieve an HbA1c target below 7%.

Insulin glargine 300 U/mL (Gla-300, Toujeo^®^, Sanofi-aventis) is a second-generation basal insulin analog. A meta-analysis of the EDITION clinical development program showed a comparable efficacy in terms of the HbA1c reduction with Gla-100, but with a reduced risk of hypoglycemia.[@CIT0002] In EDITION 3, Gla-300 demonstrated, over a 6-month and a 12-month, a comparable efficacy to Gla-100 in terms of HbA1c reduction, with a lower risk of hypoglycemia, in T2D patients uncontrolled on oral antidiabetics (OADs).[@CIT0003]

For the evaluation of the efficacy and safety, randomized controlled trials (RCT) are pivotal for regulatory bodies in the drug approval process. Nonetheless, the intensive monitoring and education provided during the RCTs are not always representative of daily clinical practice.[@CIT0004] Thus, non-interventional, observational studies representative of a "real-world" setting are important to validate the results from clinical trials.[@CIT0005],[@CIT0006]

Toujeo-1 is a 12-month prospective real-world study to investigate the effectiveness and safety of Gla-300 in patients with T2D who were uncontrolled on oral antidiabetic drugs (OADs) ± Glucagon-Like Peptide-1 Receptor Agonists (GLP-1 RA). Data for the pooled patients from Germany and Switzerland have been published recently,[@CIT0007] but data specific for Switzerland are lacking. It was therefore the purpose of the present analysis to provide Switzerland specific data and to put these data into perspective with the ones in the overall Toujeo-1 dataset.

Patients and Methods {#S0002}
====================

The Toujeo-1 explored the real-world effectiveness of Gla-300 in adult patients with T2D uncontrolled on their previous OAD therapy with or without a Glucagon-Like Peptide1 Receptor Agonist (GLP-1 RA).[@CIT0007] Investigators were general practitioners and specialists in internal medicine, endocrinology/diabetology. The Swiss cohort started Gla-300 treatment between November 2015 and December 2016 in 21 participating centers. The study was approved by an independent local ethics committee. All procedures carried out were in line with the ethical standards of the responsible committees on human experimentation and with the Declaration of Helsinki. It was registered at the ISRCTN registry (ISRCTN12809144, [[www.ISRCTN.org](http://www.ISRCTN.org)]{.ul}).

Study Population {#S0002-S2001}
----------------

Patients with T2D were included if their HbA1c was ≥7.5% and ≤10.0%, their age was ≥18 years, and after their treating physician had decided to initiate a basal insulin supported oral therapy with Gla-300, independent from study participation. The observation plan did neither give any recommendation on what Gla-300 dose to use nor did it provide any titration algorithm. Physicians were asked to document a patient-individual HbA1c target to be able to determine a target achievement rate. Patients needed to be able to self-measure blood glucose levels. They were not included if they had type 1 diabetes, any pre-existing insulin regimen, if Gla-300 was not indicated, or if the patient was pregnant, had cancer, or a history of alcohol- or drug abuse. All patients provided written informed consent.

Outcome Measures {#S0002-S2002}
----------------

The primary endpoint of the analysis was the percentage of patients achieving their individually pre-defined HbA1c target value after 6 and 12 months, respectively. Secondary endpoints included changes in HbA1c, fasting plasma glucose (FPG), body weight and insulin dose, as well as hypoglycemia incidence and overall safety.

Statistical Analyses {#S0002-S2003}
--------------------

Data were collected using an electronic case report form (eCRF). The observation plan comprised a documentation at baseline, 6 months, and 12 months after the initiation of Gla-300. Baseline characteristics and demographics were reported as mean ± SD or percentage, as appropriate, and were based on the full analysis set 2 (FAS2), including all patients with written informed consent, with at least one documented dose of Gla-300 at any time, an initiation of Gla-300 not more than 2 weeks before the first documentation, with HbA1c at baseline not above 10%, and all other inclusion/exclusion criteria fulfilled. Descriptive statistics of continuous variables were compared using a two-tailed paired *t*-test.

Results {#S0003}
=======

Study Population Demographics and Clinical Characteristics {#S0003-S2001}
----------------------------------------------------------

A total of 47 patients (14 women) completed all three major documentations including the 12 months follow-up. Mean age was 64.1 years ([Table 1](#T0001){ref-type="table"}), mean BMI 31.8 kg/m^2^, and the majority of patients had long-standing T2D (mean 8.4 years). The mean HbA1c at baseline was 8.7% and patients had an assigned mean individual treatment target of 7.4%. Noteworthy differences between the Swiss and the overall cohort were a lower proportion of female patients (29.8% vs. 42.4%) and a more lenient HbA1c target (7.4% vs. 7.0%).Table 1Study Population (mFAS12)Overall (n=721)Switzerland (n=47)Age, years64.5 ± 11.364.1 ± 12.5Female gender, %42.429.8Diabetes duration, years8.9 ± 5.98.4 ± 6.7BMI, kg/m^2^31.3 ± 5.531.8 ± 6.24HbA1c, %8.5 ± 0.88.7 ± 0.8Individual HbA1c target, %7.0 ± 0.57.4 ± 0.8FPG, mmol/L10.2 ± 2.410.4 ± 1.9Body weight, kg91.3 ± 18.991.0 ± 18.6Oral antidiabetic drugs Alpha-glucosidase inhibitor4 (0.6%)-- Biguanide420 (58.3%)30 (63.8%) DPP IV inhibitor224 (31.1%)9 (19.1%) Glinide37 (5.1%)1 (2.1%) Pioglitazone15 (2.1%)-- SGLT2 inhibitor87 (12.1%)4 (8.5%) Sulfonylurea113 (15.7%)13 (27.7%) Biguanide/DPP IV inhibitor161 (22.3%)15 (31.9%) Pioglitazone/Biguanide9 (1.2%)-- Pioglitazone/Sulfonylurea6 (0.8%)-- Others\*35 (4.9%)3 (6.4%)[^2][^3]

Treatment Characteristics {#S0003-S2002}
-------------------------

The majority of patients received metformin (45 patients, 95.7%), 24 patients (51.1%) a DPP-4 inhibitor, 13 patients (30%) a sulfonylurea and 4 patients (8.5%) a SGLT-2 inhibitor. Sulfonylurea therapy was discontinued in 4 patients; other non-insulin anti-hyperglycemic treatment remained stable throughout the study. Patients were initiated on a mean dose of 20.2 units per day ([Table 2](#T0002){ref-type="table"}) which increased by the time of the 6 months visit (30.6 units/day; p\<0.0001 vs. baseline) and remained stable thereafter (31.0; p\<0.0001 vs. baseline). Body weight was not altered after Gla-300 treatment, with a statistically non-significant weight loss of 1.2 kg after 12 months.Table 2Gla-300 Titration (mFAS12)OverallSwitzerlandDosep-value vs. BLDosep-value vs. BLGla-300 dose (units/day)14.7 ± 10.020.2 ± 16.5 6 months24.2 ± 16.0\<0.000130.6 ± 26.3\<0.0001 12 months26.2 ± 17.2\<0.000131.0 ± 25.2\<0.0001

Patients in Switzerland received more sulfonylurea (27.7% vs. 15.7%) and biguanides (metformin) either alone (63.8% vs. 58.3%) or in combination with DPP-4 inhibitors (31.9% vs. 22.3%). DPP-4 inhibitor use alone was lower in Switzerland (19.1% vs. 31.1%). They also received more Gla-300 at baseline (20.2 units/day) than patients in the overall Toujeo-1 study (14.7 units/day) and units were still higher at the 12 months follow-up visit (31.0 vs. 26.2 units/day). The loss of body weight was slightly higher in Switzerland (−1.2 kg) compared to the overall Toujeo-1 population (−0.3 kg).

Real-World Effectiveness Outcomes {#S0003-S2003}
---------------------------------

Six months after initiating basal insulin Gla-300, mean HbA1c significantly decreased from 8.7% at baseline to 7.5% (p\<0.0001) at the 6 months follow-up, and further to 7.2% (p\<0.0001) after 12 months ([Table 3](#T0003){ref-type="table"}). Regarding the primary end-point, 25 (53.2%) patients at 6 months and 33 (70.2%) patients at 12 months reached their individually pre-defined HbA1c target value (p\<0.0001) ([Table 4](#T0004){ref-type="table"}). Patients in Switzerland had substantially higher target achievement rates at 6 months (53.2% vs. 33.4%) and 12 months (70.2% vs. 49.9%) but at more lenient individual targets (7.4% vs. 7.0%).Table 3Change in HbA1c and Fasting Blood Glucose Over Time (mFAS12)OverallSwitzerlandHbA1c (%)Change vs. BLp-valueHbA1c (%)Change vs. BLp-valueHbA1c Baseline8.5 ± 0.88.7 ± 0.8 6 months7.5 ± 1--0−1.0p\<0.00017.5 ± 1.0−1.2p\<0.0001 12 months7.3 ± 0.9−1.2p\<0.00017.2 ± 0.8−1.5p\<0.0001Fasting Plasma GlucoseFPG (mmol/L)change vs BLp-valueFPG (mmol/L)change vs BLp-value Baseline10.2 ± 2.410.4 ± 1.9 6 months7.7 ± 2.0−2.5p\<0.00017.6 ± 2.0−2.8p\<0.0001 12 months7.4 ± 1.8−2.9p\<0.00017.1 ± 1.6−3.3p\<0.0001[^4] Table 4HbA1c\* and Fasting Blood Glucose Achievement (mFAS12)Overall, n (%)Switzerland, n (%)HbA1c Individual target at 6 months241 (33.4)25 (53.2) Individual target at 12 months360 (49.9)33 (70.2)Fasting Plasma Glucose ≤ 7.2 mmol/L (12 months)209 (29.5)22 (46.8) ≤ 6.1 mmol/L (12 months)123 (17.0)7 (14.9)[^5]

Mean FPG levels were reduced from 10.4 mmol/L at baseline to 7.1 mmol/L at 12 months (p\<0.0001), corresponding to an FPG change of −3.3 mmol/L ([Table 3](#T0003){ref-type="table"}). After 12 months, 14.9% of the patients reached an FPG ≤ 6.1mmol/L and 46.8% an FPG ≤ 7.2 mmol/L ([Table 4](#T0004){ref-type="table"}). Patients in Switzerland had higher target achievement rates at 12 months compared to the overall cohort (46.8% vs. 29.5%).

Hypoglycemia {#S0003-S2004}
------------

During follow-up, the hypoglycemia incidence with Gla-300 was very low ([Table 5](#T0005){ref-type="table"}). After 12 months Gla-300 treatment, one patient (2.1%) had at least one episode of symptomatic hypoglycemia. No patient with severe hypoglycemia was reported. This corresponds to a rate for symptomatic and severe hypoglycemia of 0.02 events per patient-year. Hypoglycemia rates were similar for Switzerland and the overall Toujeo-1 cohort where no severe hypoglycemia was observed and rates of symptomatic or confirmed symptomatic hypoglycemia were in the same order.Table 5Hypoglycemia (mFAS12)OverallSwitzerlandn=721n=47Symptomatic hypoglycemia18 (2.5)1 (2.1)Confirmed symptomatic hypoglycemia10 (1.4)1 (2.1)Nocturnal hypoglycemia4 (0.6)0 (0.0)Severe hypoglycemia0 (0.0)0 (0.0)Severe nocturnal hypoglycemia0 (0.0)0 (0.0)

Discussion {#S0004}
==========

Toujeo-1 is the first prospective non-interventional real-world study using Gla-300 in insulin naïve T2D patients in Switzerland. The study demonstrated improved glycemic control with the use of Gla-300 during a 12 months follow-up, with a very low incidence of hypoglycemia and without a significant effect on body weight. Compared with the overall Toujeo-1 study population of which the vast majority was included in Germany, the more lenient mean individual treatment target in Switzerland (7.4% vs. 7.0%), the higher Gla-300 doses applied at baseline (20.2 vs. 14.7 units/day) and throughout the follow-up (31.0 vs. 26.2 units/day), the higher rates of HbA1c (12 months: 70.2% vs. 49.9%) and FPG ≤ 6.1 mmol/L (12 months: 46.8% vs. 29.5%) treatment target achievement were the most noteworthy.

Previous studies reported results of newly initiating Gla-300 in insulin naïve patients with T2D, either in RCTs like EDITION 3,[@CIT0003] BRIGHT,[@CIT0008] or in a retrospective setting like DELIVER-Naïve D that used propensity score matching.[@CIT0009] Toujeo-1 confirms the effectiveness of Gla-300 in a real-world setting with an HbA1c decrease of −1.2% and −1.5% at 6 and 12 months, respectively, similar to the reductions already published. Contrary to what is usually defined as HbA1c target in the RCTs (\<7%) and recommended by the American Diabetes Association (ADA, \<7%) or American Association of Clinical Endocrinologists (AACE, ≤6.5%), as well as the treatment target defined in the overall Toujeo-1 study[@CIT0007] with \<7.0%, the mean individual HbA1c target pursued by the Swiss physicians for their patients was 7.4%. While this HbA1c value is substantially higher than in the aforementioned recommendations and the overall Toujeo-1 study, it is more in line with the recommendation of individualization of the target and with the aim set by the American College of Physicians (ACP, 7% \< HbA1c \< 8%).

A majority of patients (70.2%) reached their individual HbA1c target after 12 months of Gla-300. The results of the TOP-II study, a similar real-world prospective non-interventional study in Swiss uncontrolled patients with T2D switched from their previous basal insulin to Gla-300, showed that 57% of these patients reached their individual HbA1c target.[@CIT0010] Even if a direct comparison cannot be made, our results are coherent with those of the recently published analysis of a Swiss cohort of patients with T2D (Swiss Diab) that revealed that only 44% of the patients reached the HbA1c target \<7% but 77% of the patients reached the HbA1c target \<8%.[@CIT0001] This may also point at a reason for the discrepant treatment target achievement between the Swiss and the overall cohort in Toujeo-1. Individual treatment targets were higher (7.4%) than in the overall cohort (7.0%), while at the same time, higher doses of insulin glargine were used.

Furthermore, it is well known that initiating and titrating basal insulin is challenging in patients with T2D, explaining a certain level of clinical inertia. After the initiation of insulin therapy, adequately increasing the insulin dose is key to obtain a good glycemic control. In Toujeo-1, patients started Gla-300 with a mean dose of 20.2 units/day, corresponding to a slightly lower dose than the recommended dose. At 6 months, the mean dose increased from 20.2 U/d to 30.6 U/d and remained stable over the next 6 months (31.0 U/d). At 12 months, the mean daily dose in our real-world setting study was lower than that observed in the RCTs EDITION 3 or BRIGHT, in which patient\`s insulin dose increased throughout 6 months. It was higher, though, than in the total Toujeo-1 population, indicating that doses used in Germany are obviously lower. These observations need to be considered on the background that, as Toujeo-1 was a non-interventional study, no mandatory FPG target, nor titration scheme or frequency of titration were given. However, Toujeo-1 could demonstrate a real benefit in terms of glycemic control in uncontrolled patients with T2D newly treated with low doses of Gla-300 in a real-world clinical setting.

Among the different barriers to insulin therapy and its titration, fear of hypoglycemia is one of the major concerns, mentioned by both physicians and patients. Among the 47 patients, only 1 patient had an episode of symptomatic hypoglycemia. This is a very low hypoglycemia incidence compared to the 10% reported in the retrospective analysis DELIVER-Naïve D.[@CIT0009] In addition, this incidence in the real-world setting is much lower than the 46% or 66% of patients reporting ≥1 confirmed (≤3.9 mmol/L) or severe hypoglycemia at any time of day in the RCTs EDITION 3 and BRIGHT, respectively. The low incidence rate of hypoglycemia in this study may be explained by the relatively low insulin dose, the less tight HbA1c and FPG targets, and/or the under-reporting of events. Over the 12 months follow-up, 4 patients stopped sulfonylurea treatment, which could lead to a lower hypoglycemia risk as well. Nevertheless, the significant improvement in glycemic control obtained with Gla-300 at a very low risk of hypoglycemia confirms the equilibrium between effectiveness and safety for Gla-300 in a real-world setting.

Contrary to the RCTs, where small weight gains were observed, the mean body weight decreased by 1.2 kg in Toujeo-1 Swiss cohort (no statistically significant) over the 12 months of Gla-300 therapy. Even though data are blunted in the overall Toujeo-1 cohort (−0.3 kg), this result obtained in real-world setting gives a positive signal, as fear of weight gain can be a barrier for initiating basal insulin in patients with T2D.

The strengths of Toujeo-1 are the prospective multicenter design with observational monitoring and follow-up that can be considered representative of primary care in Switzerland. A limitation of the sub-analysis of the Swiss cohort of Toujeo-1 is the relatively small number of patients observed over 12 months (n=47). Starting the study just after the market authorization in Switzerland allowed to collect data on the first Gla-300 users in a real-world setting, but could also represent a challenge as the recruited patients would likely have been the most difficult to achieve good glycemic control. Furthermore, the patient's care may have been influenced (i.e. be more stringent) because of study participation and the fact that Gla-300 was newly on the market. In EDITION 3 and in BRIGHT, the greatest effect on efficacy, measured either as HbA1c reduction or as FPG reduction, was observed in the first 12 weeks. In our trial, at 6 months, the efficacy was comparable to that reported in the RCTs. However, due to the non-interventional nature of the study, we have no information regarding the speed of insulin up-titration. The mean dose achieved at 6 months remained stable over the next 6 months until the end of the follow-up.

Conclusion {#S0005}
==========

In patients with T2D newly treated with basal insulin, Gla-300 improves glycemic control with a low risk of hypoglycemia and no increase of body weight. The results for Switzerland are consistent with those reported for the overall Toujeo-1 cohort which also included patients from Germany and reveal that treatment targets and approaches slightly differ between both countries.
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[^1]: Nicola Alexander-David passed away on March 02, 2020

[^2]: **Notes**: Mean ± SD or n (%) as indicated. \*Others including GLP1-RA, Glucagon-Like Peptide1 Receptor Agonists.

[^3]: **Abbreviations**: BMI, body mass index; FPG, fasting plasma glucose; Met, metformin; DPP4-I, diPeptidyl peptidase-4 inhibitors; SU, sulfonylurea; SGLT2-I, sodium-glucose cotransporter-2 inhibitors.

[^4]: **Abbreviation**: BL, baseline.

[^5]: **Notes**: \*The mean individual HbA1c target was 7.4% by Swiss physicians compared to 7.0% by physicians in the overall Toujeo-1 cohort.
